Background Prolonged use of bisphosphonates in patients with osteoporosis reportedly induces femoral insufficiency fractures. However, the natural course of these fractures and how to treat them remain unknown. Questions/purposes We determined the rates of fracture displacement and subsequent operations of undisplaced insufficiency fractures of the femur in patients treated with prolonged bisphosphonate therapy. Patients and Methods We retrospectively collected and reviewed the clinical course of 11 patients (14 fractures) who had been diagnosed as having an insufficiency fracture of the femur after prolonged use (mean, 4.5 years; range, 3-10 years) of bisphosphonate. All patients were women with a mean age of 68 years (range, 57-82 years). The fracture site was subtrochanteric in six and femoral shaft in eight. The minimum followup was 12 months (mean, 27 months; range, 12-60 months).
Introduction
Bisphosphonates have been widely used to treat osteoporosis and reportedly reduce the risk of vertebral and nonvertebral fractures [4, 5, 7] . However, long-term use of bisphosphonates carries a potential risk of oversuppression of bone turnover and can paradoxically limit reserve capacity to repair microdamage in bones. Microdamage accumulation in bone is associated with reduction in bone toughness and increase of brittleness [1, 13, 14, 16, 17, 22] .
In 2005, Odvina et al. reported nine patients who sustained spontaneous nonvertebral fractures while receiving prolonged alendronate therapy. They emphasized the need for increased awareness and monitoring for the potential development of excessive suppression of bone turnover during long-term alendronate therapy [20] . Several additional reports regarding insufficiency femoral fractures in patients with long-term medication of bisphosphonates have been published [9, 11, 15, 19] . However, two of these reports focused on the clinical manifestations, including prodromal pain in the affected limb several months before the occurrence of insufficiency fractures, and radiographic findings, including cortical hypertrophy, unicortical beak, thickening and beaking of the cortex on one side, and a thin transverse fracture line [9, 15] . None of these studies reported the likelihood of healing of insufficiency fractures of the femur or whether the patients became pain-free.
We therefore asked four questions: (1) How frequently do undisplaced insufficiency fractures of the femur become displaced? (2) How many of these fractures subsequently require surgery? (3) What is the union rate of internal fixation of these fractures? (4) Do these fractures heal spontaneously and does the pain disappear if left unoperated?
Patients and Methods
We retrospectively reviewed medical records to identify patients with insufficiency fractures of the femur that were related to prolonged use of bisphosphonates to treat osteoporosis or osteopenia. Patients who had no history of bisphosphonate treatment before the diagnosis of fracture were excluded. From January 2002 to December 2008, 12 patients were diagnosed as having insufficiency fractures of the femur related to prolonged use of bisphosphonates. Of the 12 patients, eight had bilateral femoral insufficiency fractures.
Among the eight patients with bilateral femoral fractures, four had complete displacement of the fracture at the time of fracture diagnosis of the unilateral femur and one had displacement of the bilateral femurs. These six fractures with complete displacement at the time of diagnosis of the insufficiency fracture were treated surgically immediately after the diagnosis and were excluded from the study. The remaining 11 patients with 14 fractures without displacement were included in the final analysis.
We considered a fracture as an insufficiency fracture if it was a simple, transverse fracture in areas of thickened cortices with a unicortical beak [9, 18] or in a common location for insufficiency fractures (fractures below the lesser trochanter and above the distal 1 .
3 of the diaphysis) [3, 9] . A subtrochanteric insufficiency fracture was defined as one in the region of the femur that extended from the lesser trochanter to the proximal 1 3 of the diaphysis [3, 9] . Low-energy trauma was defined as an injury caused by the equivalent to a fall from a standing height or less [6, 15, 18] . All 11 patients were women who had little or no trauma; their mean age was 68 years (range, 57-82 years). Although all patients had mild thigh pain on initial presentation, none received any form of nonsurgical treatment with the exception of analgesics. Of the 11 patients, three had bilateral involvement and therefore we evaluated 14 fractures. Six fractures were located in the subtrochanteric area and eight were located in the femoral shaft. All patients had used or were using bisphosphonates before the diagnosis of insufficiency fracture for a mean of 4.5 years (range, 3-10 years). Nine patients (11 fractures) took alendronate for a mean of 4.6 years (range, 3-10 years). Two patients (three fractures) took pamidronate for a mean of 4.3 years (range, 3-5 years). None of patients had glucocorticoid-induced osteoporosis. Two patients had underlying diseases other than osteoporosis; one patient (Patient 1) underwent a thyroidectomy owing to cancer 12 years previously and one patient (Patient 7) underwent rectal cancer surgery 15 years previously. The design and protocol of this study were approved by the Institutional Review Board at our hospital, and all patients provided informed consent for participation in the study.
Bone mineral density (BMD) was measured within 1 week after the diagnosis of femoral insufficiency fracture by dual-energy xray absorptiometry. Five patients had a BMD consistent with osteoporosis (greater than 2.5 SDs below that of the young adult peak BMD) and six patients had a BMD consistent with osteopenia (between 1.0 SD and 2.5 SDs less than the young adult peak BMD) [12] . The bisphosphonate was discontinued after the diagnosis of the insufficiency fracture, except for four (Patients 3, 6, 9, 10) patients (Table 1) .
Patients had been followed at 1-to 3-month intervals after diagnosis of the fracture. Two nurses and one private locator visited and obtained information regarding symptoms and walking ability from patients who had not returned for regularly scheduled visits.
Two patients (Patients 3 and 5), who underwent plate fixation of their fractures, did not return after obtaining bony union and pain relief. Their final followups were by telephone interview. Therefore, no patients were lost to followup before a minimum of 12 months from the time of fracture diagnosis. No patients were recalled specifically for this study; all data were obtained from the medical records or telephone interviews. The mean followup from the time of the fracture diagnosis was 27 months (range, 12-60 months).
Two of us (Y-CH, S-YK) determined bony union of the fracture by bridging of three of the four cortices on AP and lateral radiographs [8, 10] .
Results
Five of the 14 fractures (three subtrochanteric and two midshaft) became displaced during the followup period. The mean time from the diagnosis of insufficiency fracture until displacement was 10 months (range, 1-19 months) ( Table 1 ). All five displacements occurred after a lowenergy injury such as slipping, tripping, or stumbling. Three fractures were treated with fixation using a compression hip screw and two fractures were treated with intramedullary nailing (Fig. 1 ). An additional five patients (five fractures) underwent internal fixation because of persistent intractable pain and/or progression of the fracture line observed at serial radiologic evaluations. After surgical treatment, their pain disappeared (Fig. 2) . Collectively, during the followup of 12 to 60 months, 10 fractures (71%) were surgically treated.
There were no perioperative complications and all patients who underwent surgery achieved bony union during the followup period.
Pain at the fracture site disappeared a mean of 4 months (range, 3-6 months) after surgery in seven patients. All could walk without crutches after a mean of 5 months (range, 4-7 months). The remaining four patients refused surgery owing to fears about the surgery. These four patients continued to experience pain and no evidence of fracture healing was observed on their radiographs at last followup (Table 1) .
Discussion
It has been suggested that long-term use of bisphosphonates can paradoxically induce femoral insufficiency fractures [8, 10, 15, 20, 21] . The potential risk is drawing attention as osteoporosis accounts for a substantial burden of disease worldwide and bisphosphonates are the primary agents for treatment of osteoporosis to prevent fractures. However, the natural history of femoral insufficiency fractures has been not determined. Thus, we performed the study to ask the unanswered questions: (1) how frequently these fractures become displaced; (2) how many of them necessitate operative treatment; (3) what the union rate is for internal fixation of these fractures; and (4) whether these fractures heal spontaneously and pain disappears if left unoperated. We note several limitations to our study. First, our patients were not followed prospectively and two patients were interviewed by telephone; the risk for misinterpreting symptoms is associated with telephone interviews. Second, we had a small number of patients; we identified only 14 fractures at four teaching hospitals over 7 years. Bisphosphonate-induced femoral insufficiency fractures are not common and a large multicenter study would be necessary to more precisely characterize the fate of the atypical femoral fracture. The prevalence of femoral insufficiency fractures has been estimated to be less than one per 10,000 patient-years for patients taking bisphosphonates [2] . Third, the study subjects were selected retrospectively. Alendronate was approved by the Food and Drug Administration in the United States in 1995, but the association between long-term bisphosphonate therapy and bisphosphonate-induced insufficiency fractures was reported more recently [6, 9, 21] . Therefore, we might not have identified all patients with these fractures at our hospitals.
Our data suggest no patient had spontaneous healing of the insufficiency femur fractures or resolution of pain at the fracture site during the followup period. Furthermore, 36% of nondisplaced fractures progressed to fractures with secondary displacement. Consequently, 10 fractures (71%) underwent surgical treatment during the 12 to 60 months after the diagnosis of femoral insufficiency fracture. Moreover, with secondary displacement, all patients had complete fractures develop even with a low-energy injury, which actually is inevitable. The four patients who did not undergo surgery had persistent pain.
As some studies have suggested potential negative effects of bisphosphonate on the fracture healing process [9, 11, 14, 20, 21] , the union rate is another important issue in our study. Odvina et al. described histomorphometric data for patients with spontaneous nonspinal fractures after alendronate treatment, showing a marked suppression of bone turnover [20] . Additionally, Sayed-Noor and Sjoden reported two patients with femoral insufficiency fractures after long-term alendronate therapy and one of these patients had delayed union even after internal fixation [21] . Visekruna et al. reported three patients with subtrochanteric insufficiency fractures, one of whom had no radiographic evidence of union at 22 months [23] . However, Capeci and Tejwani [6] reported that all femoral insufficiency fractures went on to union at an average of 4 months (range, 3-5 months) with reamed intramedullary nailing. Our findings were consistent with those of Capeci and Tejwani: all 10 fractures healed with bony union after internal fixation. This discrepancy may result from the preoperative states of bone turnover or the exposure to medications involving bone metabolism such as glucocorticoids and antiosteoporotic agents. Unfortunately, we did not measure serum or urine markers of bone metabolism. However, 10 of 14 patients in our series were not taking other medications suppressing bone turnover. Capeci and Tejwani were concerned about complete fracture through the stress site and recommended prophylactic fixation of the insufficiency fracture [6] . Our results also support prophylactic fixation of incomplete femoral insufficiency fractures, considering the high rate of persistent symptoms, progression to displaced fractures, and high union rate after internal fixation, Many patients with femoral insufficiency fractures are likely to have osteoporosis. Among our 11 patients, five (46%) persistently had osteoporosis. Therefore, to choose antiosteoporotic agents is a critical issue after the development of insufficiency fractures. The use of a boneforming agent such as a recombinant parathyroid hormone (PTH) can be a therapeutic option for underlying osteoporosis [13, 18] . The efficacy of a recombinant PTH has been established in patients with osteoporosis. Several studies have shown PTH may accelerate fracture healing and reduce rates of fracture nonunion [6, 7, 13] . However, it is not known whether PTH treatment is useful for patients with bisphosphonate-induced insufficiency femur fractures.
Our data suggest internal fixation should be considered as initial treatment for patients with insufficiency fractures of the femur, even for nondisplaced fractures.
